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'^''P^=^*^^^ti°°«lat«generallytoccnununicatio.3andh 

partcularto an echo suppressor and.ethodforsuppresaingecho«b^ 

coimnunicationpath. 
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SsitaauiiaaisJaisaflsa 

'^'mc^om^^^^^^^^^^, ^^^^^^ 
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^^^^^ ^^^^^^^ 

co.plmsmttl^ho„,d«ic.ha=d.*i,fap<«« "^"^^ 
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Which app^xunates the echo sisals. As a^, r«idual echo 
error signals are ^lied to the network. 

It is therefore an object of the present invention to provide a novel 

echo suppressor and method for suppressina echoes in,. • • 

Hpxcssmg eccoes m a communication path. 

gumsiarvOfTh^T^v^tion 

method f ^"^^^ " Provided a 

-d.e.n:d:::r:^^^^^^^^^^ 

'*^^'=(l-alph»)AlMY+aIpI„.Ab,Y, 
w»ere alpha is a parameter o/the DR fflto 

Echo= AbsY/10^°^ 

''.-rec.ve.cjrrr:r""''~*^^-- 

Preferably, the mask is a string of n-bits . • ^ 
=cho.^...a^,,„,«,^,. J,^^;^ ^-^^^^^^ 

zerc value. In on- eTT,k«^- . . . s^cani wts of the string have a 

«"c. in one embodunent, the bits of the mask are a?] ♦ u • 
tota: echo suppression. In a„ *° '''"»^«l^y '^'^ieve 
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-pp«.,0.,„ suppress echo sigHabg»„„«,i,,„^^„,^^.^^^_^__.^^, 

a pow« level cdculator detemWng the power level of signals 
supplied to said conmunicatioa padi; md 

' ""^^"'""'""P""*" to said power level calcutaor and 

.eve. and be.ng app.ed to .he sipals receive 
to suppress edM signals received fi<,„ said eommmicadon pat 

p^ded..«epl,on,devieeincludingah..d3e.h.v.gaspe.,c,.ob..do,s. 
^o„«ngs.gn.lsand..„ic,ophone,„receiv.o„,goi,gsi^l,„,^^^^^^^ 

j*presse»osigna.pie,c».up.,.e„,crophone.sares„lUf.cousScI,^^^ 
between said speaker ami microphone comprising: 

15 .™ , , K '''°""'"'"="'°*'°"'«™^8tl»powerIevelofi„coming 
15 s enals to be broadcast by said speaker, and 

""'*8'=°""°"«P™i«=toaaidpow.rl.veIeaIcula„rand 

..«a.mgmask,saidmasksb«nggener.,ed.s.toe.ionof.h.d«=,minedpower 
a..- b«ng appucd . o«goi^ ^ ^ ,^ 

According,o«,otheraspeclofthepresentinvenlionthereisnrovid«i 

c:::~'°--"-'^-----~™ 

jcelerh.ving":^^!:"'™"'' """"^ "aid echo 

Pow..eve,c.cuU.orandgen...«ngmasks.saidmas:::7gr»r„r° 



20 



30 
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^^ctionofthedetenninedpowcrleveIandbei.g^^^^^ 
signals thereby to suppress the same. 

^^P^^^^^^^^'^tionprovidesadva^.tagesinthatsmceechosignals 

areadapuveiy .asked by the echo suppressor, echo suppression is achieved While 
maintaming voice quality. 



giMDeicdptlon Of T^P T>'^y^\^^^ 



10 



I over a network showing acoustic 



15 



20 



Embodiments of the present invention will now be described more 
P with reference to the accompanying drawings in which: 

. Figure 1 is a schematic diagram of a communication chamiel 

sjstabhshed between a pair of telephone devices ( 
'upling in one of the telephone devices; 

Figure 2 is a schematic diagram of a telephone device mcluding an 
efho suppressor in accordance with the present invention; 

Figure 3 is a graph showing an envelope calculated by the echo 

s|pp^ssorofFigure2followingthepower level ofasignal to be broadcast bya 
tejlcphone device handset speaker, 

ddvicc microphone; and 



th 



Figure 5 is a schematic diagram of a 



ai on-linear processor to suppress residual echo signals 
invention 



conventional echo suppressor and 



25 Di 



30 



acoustic 



14 are 



in accordance with the present 



^SnowtoFigurel.acommunicationchannelestablishcd 

apjoftelephone devices 12 andl4overanetworkl6is shown andis 
"dicatedtobyrcfercncenumexal 10. As can be seen, when a 

channel is estabHshed between the telephone devices 12 and 14 



betveen ; 
genErally i 



con munication ( 



18 '"""^■l.ya..h„dsc,sp«J„r20„fr=cdvfag,.,_i„^ . . 
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The echo ^gnals picked up by the handset microphone 22 as a result of 

coupling cause echoes in the network 16 whf.TT / 

°=rworJc 16. which degrade voice quality 

.0 lit: ~ ' ^"'-^ '° 

8 3.gnias before they a. bm«fcast by th. iBrfM sp«lcr 20 

™"'""™22.°ftbetelephoiiedevicel4 Tht^ri^. 
to lothefictamtypicallvft.,. ^'^"'^''^'^^O- Vmis 

4o^.<^t^ed':r:rrr"""''°"'^°"'=-- 

»y tte «lepho„ d.v,«, 14 „ b„^3^, 1^^^^^^ 
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mask echo signals picked up by the handset nncrophonc 22. 

flgonthm executed by the echo suppressor 32 The echo « • 
. . i't-cworjz. ine echo suppression algorithm m 

OiesigMllobebro«icaaaiidi3ofa,e&nn: 

l>«VprraM«lbycI»osiiiglht«yU«Mforalr.hi>.ik.«;k„„, 
a<swilchmgeaecewkMthesignabfida 

*ope. AS stated earher, the echo signal received bvtf„.>,»^^o-- • . 

Echo = AbsY/ 10<^*^ o) 

J °'^'^'™™"n.»«»»«o.of-2«Bb.&„b«.„iotcd„P„^, 



25 
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10 



15 



pgnal aaording to equation (2) is equal to AbsY/15.8489. 
; **''*"»«™™ «pected value ofthe echo signal hM been 

toal m aecordence wia„he „„tine iUusf^ed in Appendix B. m a,e present 
J^bcdnncnt, the n^ combined wiU, th, echo signal tslces .be torn of a string of 
^eros n-b,u long, wfcere n is a function of the echo signal value detemined a, 

of th analog to distal converter 50. which in the p,e^ example is 8192. SoMng 
l-fon (2) using this value fo, AbsY Jadd, 517 which in binaty 6„na. 

000,00 Asa,esu,an^having,..e,osCi.e.n=10)r,e^ton,as. 

IT IS binary value. 

For example, if thepower level of fte agrf to betoadcast by the 

l.|.dse,speaier20isequaltol379a.,ersoMng.,„aaon(l„ode.ennineAbsYby 
sc Ivn,g equation (2) the «Teet«l echo signal level equals >7 (assuming A - -24 dB) 

wnchmbtayfenuatislOlOlU. m-cordance with fl,e mask selection tontine a 
mWt havmg seven zeros is chosen and is eombmed with th. signals received by the 
ta^. nnemphon. 22 and digia^ed by the ^alog to digital convert,. 50 

'''8^''*<™'°«l>''»i8"aI66inatelephon,devichavinga 

r,!llt!^,?:~'"-'°''°'^''^=^'''>^''-beseen^ 
themaskSScomptoelycoverstheechosignal. In the second half of the »a.,b „„• 

vo...s,^..A,.^„h.m.sltcauses^yamini.um,o..ofspecch,uali^ 
As WU be wredat^i. the echo suppressor 32, by selecting masks' 

background noise. .1,^. J™ -'"'Wre».on m the pre,«,ce 

>isnifle«,t bit (L^B, with a • w . ™" " 

) wtth . o„ vahe. G»«uiy, th. number of LSB. having 



30 
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. -one- valu« is choa«, „„ ^ 

Pxa.pl., if a„ 8.W, „^ ^ ^ ^ 

5 ;::!i''"^''"^"''''*'''''*°«'""'''='=*s--d«ois.swi,cHngi, 

''"°°^°°'"°Rg«r=S,»,.lto>aivca„l,„di„„,„fa^ 
nv<„.on is .ho». ,„ 4i3 «„botoen^ a co.v«do„aI .do .anceler 70 i, h p,^,., 
.aa.conia™ieafa,path71inwldciccho,ig..Isa,.g.„„^ Tl, 
=:n»,«,ertcn paU, 71 „^ .d.pho„c dcvic handset as described i, a,e 

» lephone. „e»ck which causes ..^oA «flec«™ or Cher source of echo signals 
T.e ech^ ca^eler 70 «ta.p. „ „ode, ,he .ansfex tocta of fte echo sijnalpaU,' 
"|u,g a Uast-Mean-Squared (IMS, algorife, so a„ 

«*osisn.ls that are 4esa„,e as Ihe echo sigoalsreceiv^iftom 
0^u=icadonp.tb71. ^estimated echo signals are subtracted 72 6on, me actual 
^0 3.g»l, iu a,, ^ ^„ ^ ^ of osnceHatiou is 

ZZf T™''""'^- ""^'"'"-""^-^-c^cchosi^alsaud 
th(! actual echo aiimfllsT^,!*} , _ j** « 



20 



25 



I ««uiBBica ecno signals a 

^actua.echos.^^h.^^3.^ Tie etror sigr^s are fed back to 

-.ccau«ler70sotha.theechocau„lerc...„e,„p„oco„v,rg.totteco,rect 

traisfer function. 

r t:^"^'"'"^"'*^ '^^^'.^-hocahce.ercouv^ 
» Wertochooth^^^^^,^^^ J« 

z.r,e.rora,g„als,Hi.cause,reaidu.lechosigual3. 

''°'^"'""'«^*»'«l»>i!^.«noivliMarpmoessor(Mj.,,„ 

CerirdT''"'"™''^'"""'-^-^"''^'^'^^™ 

welaathe,es.du.l«,„r.,gu.l,ou*u,byth.s«blnctor72 ll.NLi..„„ 

-pj:aitr:ri:r?::rt^'"^ 

»i^thee,rorsigual.to..ppre».he™idu.ecn«;I ^-^«oo^i«d 
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For example, assuming the echo cancelcr 70 wiU achieve an ERLE 
equal to 18db. it can be expected that the residual echo signal wO] be eight tmes 
-aaller than the estimated echo signal. During execution of the echo suppression 
algonthm. an envelope equal to 13798 is generated by solving equation (1) 
fxpected echo signal has a value equal to (1379/8>=1 73 after solving equation (2) 
^ecloscstpowcroftWomaskkOxFFDOO. Assuming it is only necessary to 
Jnprove the ERLE with 12db to achieve a total ERLE equal to 30db. the least 
agnificant bits can be leaked yielding a mask equal to OxFFOF. 

Although the echo suppressor 32 is shown as being incorporated in a 
lephone device to suppress echo signals generated as a result of acoustic coupling m 

tietelephonedevicehandset.thoseofskillintheartwillappreciatethattheecho 

oppressor and non-linearprocessor may be used to suppress echo signals gen.^^^^ 
H i vmually any communication path in which echo signals are generated. • 

^"^'^''^°°--^*-8i^P«f«redembodimentsof,hcpresentinvention 
bjve been described, those of skill in the art will appreciate m variations and 

jod^cations may bcmade without depart^^ 
d< fined by the appended claims. 
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Inputs: transmitted_3ignal(l), received_signaj (2) 
Output: output_signal going to the network (3) 
Start: 

Calculate the power of the signal to be broadcast by the handset speaker; 
AbsY = (l-a]pha)AbsY + alpha'ab3(transnutted_signal); 

Slltt"^^^™^^^'^^^-^ 

Mask = Mask,select(AbsY); 
Output_signaI = rcccived_signal AMD Mask; 
Go to Start; 



wh»e: 

transmitted.dgnal is the signal received by the telephone 
device to be broadcast by the handset speaker; 

receivcd_5ignal is the echo signal picked up by the handset 
microphone and voice signals picked up by the handset microphone; 

alpha is an HR filter parameter, and 

Output_3ignaJ is the signal output to the network by the 
telephone device. 
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Ppwer T,evfl Calculating Pnnti^. 
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ifAbsY>Ab3Y0 

^ AbsY=(l- alpha_slow)«AbsY + a]pha_slow -AbsYO; 

^AbsY=(l- alpha_fast)*Ab3Y + alpha_fast *Ab8Y0; 



Mask_select; 

Mask = 64512; 
ifAbsY<4063 

end^ = ^^024: %fe00 or 9 zeros 
ifAbsY<2031 

^Mask = 65280; %ffD0 or 8 zeros 
ifAbsY<1015 

^ask = 65408; %mo or 7 zeros 
ifAbsY<507 

^Maafc = 65472; %m or 6 zeros 
ifAbsY<253 

^Mask= 65504; %freO or 5 zeros 
ifAbsY<126 

^Mask= 65520; •/.ffiO or 4 zeros 
ifAbaY<63 

^ask= 65528; %fII8or3 zeros 
ifAbsYol 

^Mask= 65532; Wc or 2 zeros 
ifAbsY<15 

^Ma5k = 65534; %iIFeorlzero 



%fcOO or 10 zeros (1 11 n 10000000000) 
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^ye Claim: 



A method for suppressing echo signals generated in a communication 
p^th comprising the steps of: 

monitoring signals supplied to said communication path to determine 
ajji attribute thereof, and 

masking signals received from said communication path as a function 
the determined attribute of said monitored signals. 



10 2. 



15 



The method of claim 2 wherein said attribute is the power level of said 
mjanitored signals. 



The method of claim 2 wherem during said monitoring step, power 
calculations are performed to determine the power level of said signals. 



The method of claim 3 wherein during said monitoring step, 
envelope of die power level of said signals is genefated. 



an 



20 inf nite 



en\ 



25 whixe 



nie method of claim 4 wherein said envelope is generated by 
* impulse response (UR) lowpass filter. 



an 



The method of claim 5 wherein said IIR lowpass filter generates said 
elope by solving the equation: 

AbsY=(l.alpha) AbsY + alpha*AbsYo 
alpha is a parameter of said HR filter. 



The method of claim 6 wherein during said monitoring step an echo 
sigrjal level is calculated by solving the equation: 
Echo=AbsY/10<^'« 

30 i, the mhinum .««^on of ^ ^ .aid commumclion pnOi ,^ 

received ftom said conunvinicationpath. 



Sent by.:simbas ; 3-28-99 ; 9:45AM ; simbas- qi712423290 



-13- 



8. THe methcxl of claim 7 wherein said mask is a string of n-bits, where n 

13 a fimction of the echo signal level, at least the most significant bits of said string 
having a zero value. 



The method of claim 8 wherein the bits of said mask are aU 



zeros. 



10. 



10 



The method of claim 8 wherem at least the least significant bit of said 
mfisk has a one value. 



1^ The method of claim 2 wherein during said masking step, a string of a- 

bi^ is combmed with digitized signals received from said commmncation path, at 
lo^st the most significant bits of said string having a zero valve. 



15 12; 



The method of claim 1 1 wherein the bits of said mask 



are all zeros. 



13 .: The method of claim 12 wherein at least the least significant bits of 

sai^ mask has a one value. 

20 14.: Themethodofclaim2whereinduringsaidmonitoringstepan 
est^Wed echo signal is generated and the power level thereof is determined and 
wh^jrein the maddng step is panned after the estimated echo signal is subtracted 



25 15. 



fiior 1 the signal received from said commmiication path. 



The method of claim 14 wherein said estimated echo signal is 
gen^ated using a linear ajgorithm approximating the transfer fimction of said 
com muiicatiQn patL 



IS. 



30 



An echo suppressor to suppress echo signals generated in a 
coraijnumcatioa path comprising: 

su. . '''^''''''''^^'^'^^^^'•^'^-^S^^^POwerlevelofsignals 

supp led to sajd conuaunication path; and 
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a mask generator responsive to said power level calculator and 
generating mask,, said masks being generated as a fimction of the determined power 
l^el and being applied to the signals received torn said communication path thereby 
toj suppress echo signals received from said communication path. 



I 

ca 
sa 



10 



18 

ca! 
en 

19 



An echo suppressor as defined in claim 1 6 wherein said power level 
culator generates an envelope following the power level of the signals suppUed to 
d communication path. 



15 filter 



wh 



20 



An echo suppressor as defined in claim 17 wherein said power level 
culator includes an infinite impulse response (HR) lowpass filter to generate said 
p^elope. 



20 



gererator 



whixe 



ecb) 
will; 



25 



21. 
the 
mos 



30 22. 



An echo suppressor as defmed in claim 1 8 wherein said HR lowpass 
generates said envelope by solving the equation: 
Ab3Y=(l-alpha) AbsY + alpha*AbsYo 
sre alpha is a parameter of said HR filter. 



An echo suppressor as defined in claim 19 wherein said mask 
calculates an echo signal level by solving the equation: 
Echo= AbsY/10 

A is the minimum attenuation of echo signals in said communication path, said 
signal level being used by said mask generator to select a mask to be combined 
digitized signals received from said commmiication path. 



An echo suppressor as defined in claim 20 wherein said masks are in 
iorm of strings of n-bits. wheren is a fiinction of the echo signal level, at least the 
significant bits of said strings having zero values. 



An echo suppressor as defined in claim 21 wherein the bits of said 
stnn^s aro all zeros. 
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23. An echo suppressor as defined in claim 21 wherein at least the least 

significant bit of said mask has a one value. 



10 
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20 



24. In a telephone device including a handset having a speaker to 

broadcast incoming signals and a microphone to receive outgoing signals, an echo 
suppressor to suppress echo signals picked up by the microphone as a result of 
acoustic coupling between said speaker and microphone comprising: 

a power level calculator detemiining the power level of incoming 
si^ls to be broadcast by said speaker and 

1 a mask generator responsive to said power level calculator and 

g^erating masks, sai(< masks being generated as a fimction of the determined power 
an^ being applied to said outgoing signals thereby to suppress echo signals. 



[ma 



25 



25. An echo suppressor to suppress echo signals generated i 

coi imunication path comprising: 

an echo canceler in parallel with said communication path, said echo 
ca^celer having a transfer function appn,xlmating that of said communication path 
and generating estimated echo signals in response to signals supplied to said 
con mmnication path, said echo cancaler subtracting said estimated echo signals from 
sigjals received from said communication path to generate residual echo error 
signals; and 

a processor receiving said estimated echo signals and said residual 
echj, error signals, said processor including a power level calculatorto determine the 

cr level of the estimated echo signals; and a mask generator responsive to the 
powfer level calculator and generating masks, said masks being generated as a 
fUnc^bon of the determined power level and being applied to said residual echo error 
sign Us thereby to suppress the same. 
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ECHO CANCELLING/ SUPPRESSION FOR HANDSETS 



ACT (FIG 2) 



A method for suppressing echo signals generated in a communication 
path such as acoustic coupling between a speaker and a microphone in a telephone 
device handset includes the steps of monitoring signals suppUed to the 
communication path to determine an attribute thereof and masking signals received 
fr9m the communication path as a lunction of the determined attribute of the 
monitored signals thereby to suppress echo. 
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